the monogeneans of M. cephalus are of particular interest because their oioxenous nature, i.e. strict host specificity, makes them good host population markers (see Pariselle et al. 2011 for review) . thus, gill monogeneans such as Ligophorus spp. may help determine the assemblage of cryptic species that constitute the M. cephalus sensu lato (s.l.) complex. therefore, this study had two goals: firstly, to report previously described Ligophorus species and describe a new one from M. cephalus s.s. from the coast of Morocco, and secondly to test whether the diversity of Ligophorus spp. on Moroccan flathead mullet reflects the finer scale population structure of M. cephalus s.s. , is located 120 km north of rabat and it is the northernmost lagoon on the Moroccan Atlantic coast (Fig. 1) . the Khnifiss lagoon is the most important desert wetland in Morocco (6 500 ha) and lies 900 km south of rabat. the Mar chica lagoon, also called Nador lagoon, is on the Mediterranean coast and is 22 km long and 6 km wide.
MATERIALS AND METHODS
several species of fish, including five species of Mugilidae belonging to three genera, live in sympatry in these three ecosystems: Mugil cephalus, Chelon labrosus (risso), Liza ramada (risso), L. aurata (risso) and L. saliens (risso). Fish, purchased from local fishermen shortly after they were captured, were identified and either dissected on site or kept on ice for about 24 hours prior to freezing upon return to the laboratory. gill arches were separated and placed individually in Petri dishes.
Monogeneans were collected according to procedures described by Pariselle and Euzet (1994) . Worms were mounted either in Malmberg's (Malmberg 1957) or in Berlèse's medium and sealed with glyceel (see Bathes 1997). Worms were observed at 400× and 1 000× using a compound microscope. terminology and numbering of the haptor parts are those adopted at icoPA iV (Euzet and Prost 1981) . Measurements were taken from mounted specimens using a leica 2500 compound microscope equipped with a leica DFc 320 digital camera using lAs 3.1 software (Fig. 2) . All measurements are in micrometres and expressed as follows: mean ± standard deviation with minimum-maximum value and number of observations in paratheses. Micrographs were taken using a reichert-Jung Polyvar compound microscope at 1 000× magnification using interference phase contrast. the material was deposited at the Musée National d'Histoire Naturelle de Paris (MNHN).
RESULTS
No Ligophorus specimens were found in any of the 30 flathead mullets dissected from Khnifiss lagoon. However, L. mediterraneus was found from Moulay Bousselham and Mar chica lagoons. Ligophorus cephali and a new species, L. maroccanus sp. n., were found from fish collected from Moulay Bousselham lagoon only.
Ligophorus mediterraneus sarabeev, Balbuena et Euzet, 2005 Fig. 3 A,c Redescription. Body 791 ± 7 (780-800; n = 7) long and 120 ± 1 (119-121; n = 7) wide at level of ovary. Mouth opening ventral. Pharynx ovoid, 37 ± 0.4 (37-38; n = 8) in diameter, followed by short oesophagus; digestive tract divided in two branches joined posteriorly.
Haptor with 14 hooks, 13 ± 0.2 (13-14; n = 7) long, four anchors and two transverse bars. Ventral bar slightly curved, thick at middle, with two median anterior expansions close together, 41 ± 1 (38-42; n = 12) long, expansions at 10 ± 2 (7-12; n = 12) from each other. Dorsal bar slightly arched, with rounded extremities, 40 ± 2 (34-43; n = 12) long.
Ventral and dorsal anchors similar in shape and size, ventral with guard and shaft almost equal in length: a: 36 ± 2 (31-41; n = 24); b: 34 ± 2 (29-37; n = 24); c: 12 ± 2 (9-15; n = 24); d: 16 ± 2 (12-21; n = 24); e: 9 ± 1 (7-11; n = 24); f: 19 ± 2 (16-22; n = 24). Dorsal anchor with shaft shorter than guard: a: 34 ± 2 (30-38; n = 24); b: 33 ± 1 (31-35; n = 24); c: 10 ± 2 (7-14; n = 24); d: 14 ± 2 (11-16; n = 24); e: 9 ± 1 (7-11; n = 24); f: 18 ± 2 (11-23, n = 24).
Vagina tubular, sclerotized, 47 ± 11 (30-64; n = 12) long, with enlarged mid-ventral aperture. Male copulatory organ (Mco) with long and narrow penis, a: 99 ± 5 (92-107, n = 12), beginning by expanded bipartite base, b: 10 ± 1 (8-12; n = 12) long, going through accessory piece, c: 37 ± 4 (31-45; n = 12) long, which ends in rounded claw. Ventral anchor with shaft shorter and narrower than guard: a: 37 ± 2 (26-41; n = 64); b: 36 ± 2 (31-39; n = 64); c: 11 ± 2 (7-15; n = 64); d: 17 ± 3 (8-23; n = 63); e: 10 ± 1 (8-12; n = 64); f: 20 ± 2 (16-25; n = 64). Dorsal anchor with shaft shorter than guard: a: 37 ± 1 (34-40; n = 64); b: 37 ± 2 (31-40; n = 64); c: 9 ± 2 (6-14; n = 64); d: 15 ± 2 (10-19; n = 64); e: 9 ± 1 (7-11; n = 64); f: 21 ± 2 (15-26; n = 64).
Vagina sinuous, tubular, 49 ± 15 (20-70; n = 32) long, with enlarged aperture. ovary U-shaped. Mco with long and narrow penis, a: 105 ± 8 (83-119; n = 32), beginning by expanded bipartite base, b: 10 ± 1 (7-12; n = 32) long; accessory piece bifurcated, c: 42 ± 5 (32-52; n = 32) total length, extremity, d: 26 ± 3 (19-31; n = 32) long. Haptor with 14 hooks, 14 ± 0.5 (13-14; n = 9) long. Ventral transverse bar open V-shaped, 41 ± 3 (35-47; n = 31) long, with rounded thickening at middle and two anterior expansions, 10 ± 2 (8-14; n = 30) apart from each other. Ventral anchor with shaft shorter and wider than guard, latter with enlargement step-shaped at middle, and short blade: a: 36 ± 2 (33-40; n = 63); b: 35 ± 3 (31-41; n = 63); c: 12 ± 2 (7-16; n = 63); d: 17 ± 3 (12-23; n = 63); e: 10 ± 1 (8-12; n = 63); f: 17 ± 2 (14-24; n = 63). Dorsal transverse bar open V-shaped, with irregular edges and rounded extremities, 41 ± 3 (35-50; n = 32) long. Dorsal anchor with shaft shorter and narrower than guard, short blade bent at 90° at junction with point: a: 36 ± 2 (32-43; n = 64); b: 36 ± 3 (31-42; n = 64); c: 10 ± 2 (7-15; n = 64); d: 16 ± 2 (10-21; n = 64); e: 10 ± 1 (7-11; n = 64); f: 18 ± 1 (15-21; n = 64).
Vagina tubular, with sclerotized walls, 74 ± 13 (41-96; n = 32) long, and irregularly enlarged mid-ventral aperture, 14 ± 4 (8-20; n = 10) in diameter. Mco with long and narrow penis a: 140 ± 5 (130-153; n = 32), beginning by expanded bipartite base, b: 12 ± 1 (9-14; n = 32) long; accessory piece, c: 76 ± 5 (66-87; n = 32) total length, extremity bifurcated, represents half total length of acces- Malmberg's medium and 7 in Berlèse's medium. E t y m o l o g y : the epithet maroccanus is given according to the origin of the newly described species.
Remarks. this species is placed in Ligophorus based on the morphological characteristics described by Euzet and suriano (1977) : it has a fusiform body, a haptor armed with 14 hooks, two pairs of anchors and two (one dorsal and one ventral) transverse bars; digestive branches without diverticles, joined posteriorly; vas deferens does not loop around the right intestinal branch, one prostatic vesicle; vagina opens medioventrally. According to Mariniello et al. (2004) , Ligophorus species are identified according to the morphology and the size of the sclerotized parts of the genitalia and the haptor.
comparisons of the biometric and morphological parameters of the newly described species with those for 50 other species known to date, and in particular with the 17 described from the same host species (see below), showed conspicuous differences. the three major differences are the ratio of the length of the penis to the total length of accessory piece (2.1 vs 1.8), ratio of the length of the extremity to the total length of the accessory piece (0.44 vs 0.53) and the size of the heel (more developed in L. guanduensis).
DISCUSSION
the new species described herein is the 18th Ligophorus species described from Mugil cephalus s.l. (see below). this diversity is much higher than that reported for other species of the Mugilidae, which otherwise have a maximum of six species on Liza carinata Valenciennes (see Dmitrieva et al. 2012) or Liza subviridis Valenciennes (see soo and lim 2012). A literature review of the distribution of Ligophorus spp. from M. cephalus s.l. shows that, as already reported, these species are generally specific of their host from each geographical population:
(i) south Pacific ocean (Fig. 6 -entity 3) : L. huitrempe Fernandez, 1987;  (ii) Northwest Atlantic ocean ( Balbuena et sarabeev, 2007; L. domnichi rubtsova, Balbuena et sarabeev, 2007; L. pacificus rubtsova, Balbuena et sarabeev, 2007; and L. chabaudi Euzet et suriano, 1977;  (vi) Yellow sea (china/Korea) ( Fig. 6 -entity 14) : L. chenzhensensis Hu et li, 1992 and L. chongmingensis Hu et li, 1992;  (vii) East and south china seas (china) (Fig. 6 -entity 14): L. leporinus (Zhang et Ji, 1981 ) gussev, 1985 L. mugilinus (Hargis, 1955 ) Euzet et suriano, 1977 and L. pacificus. No parasitological data are available for other entities of M. cephalus s.l.
only two Ligophorus species are reported from two geographically distant host populations: L. chabaudi from the sea of Japan (entity 13) and the Mediterranean sea (entity 8), and L. mugilinus from the East and south china seas (entity 14) and the Northwestern Atlantic ocean (entity 4) (see Fig. 6 , Zhang et al. 2003 , Dmitrieva et al. 2009 ). Ligophorus pacificus is found on hosts from entities 13 and 14 that are sympatric.
the unusually high diversity of Ligophorus species from M. cephalus may be a reflection of the combined facts that these monogeneans have an oioxenous specificity for their hosts and that M. cephalus is now recognized to be either a group of cryptic species or a genetically well differentiated set of populations (Durand et al. 2012 , Whitfield et al. 2012 Fig. 6 ). thus, this supports the idea that different species of Ligophorus infect the different 'species' that comprise the M. cephalus complex, but which are themselves yet to be identified.
As an illustration, M. liza, now recognized to be part of the M. cephalus s.l. species complex, is infected by six species of Ligophorus (including parasites of M. platanus populations, see above) found only on this host. therefore, this indicates that Ligophorus spp. may be useful markers of cryptic M. cephalus s.l. species. Furthermore, since there is no contact between host populations, the presence of L. chabaudi and L. mugilinus on two distant host entities indicates that these parasites may be two cryptic species that originate from the ancestral M. cephalus host species. Neither possibility is in contradiction with our hypothesis.
our results also support the assumption that Ligophorus species may serve as good host markers at a smaller scale. in fact, Mugil cephalus s.s., which is found in the Mediterranean sea, Black sea and Eastern Atlantic ocean from Bordeaux (France) to the lagoon of Khnifiss (Morocco) (Fig. 6, entity 8 the absence of Ligophorus spp. on M. cephalus from the Khnifiss lagoon, which is the southern limit of the host's distribution area (Whitfield et al. 2012; Fig. 6 -entity 8) could be associated to local environmental factors (e.g. salinity or temperature) as has been shown for other monogeneans (e.g. Diggles et al. 1993, gannicot and tinsley 1998) and was suspected to be the case for other gill monogeneans of M. cephalus s.l. by Baker et al. (2008) . Alternatively, the populations situated at the edge of their distributional range may present fewer parasites due to founder or bottleneck events (Pariselle et al. 2003) .
